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INTRODUCTION
Experimental work and field observations have 
indicated that differences among strains of poultry 
exist with respect to various economic qualities, From 
the standpoint of broiler production, the poultryman 
is interested in economy of growth, feed utilization, 
and feathering. Since the financial return of the com­
mercial poultryman depends upon the production of large 
quantities of poultry meat, small differences in growth 
and feed utilization are of real economic value. He is 
looking to the scientist for knowledge and practices 
which may result in more efficient production.
Furthermore, the scientist—  geneticist, physiologist, 
or biochemist—  is interested in these same factors, growth, 
feed utilization, and feathering, from the fundamental 
biological viewpoint as well as their application to com­
mercial practices. He is curious to see if living bodies 
will respond according to his hypotheses that he has for­
mulated from experimentation and study. Often from his 
work the scientist obtains an indescribable satisfaction 
from the finding and searching for knowledge, scientific 
knowledge which in this modern age is rapidly finding its 
way into medical and commercial practices.
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Although the author and several other workers 
have observed strain differences in growth and feed 
utillsatlon9 little information Is available indi­
cating through what mechanism or physiological manner 
these differences operate?* Glasener and ^ull (1946) 
developed broiler strains by genetic selection differing 
in growth, feed utilisation, and feathering* the present 
study was furthered from the standpoint of the endocrine 
system, particularly the thyroid gland* fhls investi­
gation was conducted in an attempt to learn more about 
the following questional (1) la it possible to stimulate 
growth by the use of the thyroid hormone? (z) Do strains 
differ in their response to the hormone? (3) Do strains 
of the same breed differ in thyroid activity?
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REVIEW Of f i l l  LITERATURE
Observation has shown that chickens under the 
same environment may vary considerably in body weight# 
Funk, taandel, and Oallonbach (1930), In a statistical 
study of growth in White Leghorns, found that the coef­
ficient of variability at four weeks of age in four 
different broods varied from 14*6 to 19*4 per cent* Al­
though the variability was less as the birds approached 
maturity, they found wide differences In individual 
weights at 16 weeks of age* Asmundson and Lerner (1933) 
studied the rate of growth from two to eight weeks of 
age In 340 thite Leghorn chicks* These workers concluded 
that there were genetic differences with respect to rate 
of growth within the strain of »hite Leghorns studied, 
and that these differences In rate of growth were deter­
mined by multiple factors* Schnetsler (1956) demonstrated 
that it was possible to select for rapid and slow-growing 
birds in Barred Plymouth Rocks. From his selected groups 
of fast and slow-growing parents, he secured results 
which Indicated the possibility of developing strains 
differing in growth rate.
Since several investigators observed less varia­
bility in the length of the appendicular skeletal bones 
than in the body weight of the fowl, Glazener and Full
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(1944) developed tw© strains of Hew Hampshire* and Barred 
Plymouth Bocks by family selection on 4he basis of shank 
length, The long-shanked strains of both broods grow more 
rapidly than did tbs short-shanked strains, lull and Glass* 
nor (1944) found a high positive correlation between body 
might and shank length at tan weeks of age*
Hush data are available on feed utilisation from gen* 
oral growth experiments, managerial studies, and nutritional 
work. Only a limited amount of data, however, are avail­
able on feed utilisation in the domestic fowl on a family 
or strain basis, Morris, Palmer, and Kennedy (1933) with 
rats indicated genetic differences in feed utilisation. By 
nine generations of selective inbreeding, these workers as* 
tabliahed two lines, The low-effioisncy line was about 40 
percent less efficient than the high-efficiency line, Hess, 
Byerly, and lull (1941) demonstrated the variability of ef- 
floleney between sires, Sires that produced the most effi- 
elent purebreds were observed to produce the most efficient 
crossbreds* Glaxener and full (1944a) found that the long- 
shanked strains of Hew Hampshire* and Barred Plymouth Hocks 
utilised feed better than did the short-shanked strains, 
McCartney and lull (1948), by further developing the short 
and long-shanked Hew Hampshire* into strains A and B, found 
the strains to differ in feed utilisation.
Although the data on feed efficiency from the genetic 
standpoint are limited, Information on differences in strain
$
response and feed efficiency regarding the feeding of hor­
mones to poultry is almost unavailable.
Palmer, Kennedy, Oalverley, hohn, and Weswig (1946), 
in a biochemical and physiological study of their low and 
high-efficiency strains of rats, fed anterior pituitary 
growth hormone to males and females of both strains, the 
hormone appeared to promote growth and increase feed effi­
ciency in both strains within Inherent limits. Strains of 
rats with a lower order of efficiency were affected less 
toward the attainment of higher efficiency level than some
of the more efficient strains. lo effect was exerted on
f rthe high-efficiency males. Periodic administration of thy­
roid reduced the efficiency of male rats of the more efficient 
strains, but did not significantly affect~this characteristic 
in the less effioient strain. Combined action of castration 
and thyroid feeding on the efficiency of feed utilization 
indicated that castration imposed* a t%e-fold hardship on the 
thyroid-fed rat. Dickerson and Gowen (1947) presented evi­
dence which indicated that the "yellow* gene in mice reduced 
food requirement per unit of gain, fhese workers reported 
that those mice with the "yellow* gene had better efficiency 
because of increased food intake'and'reduced energy expended. 
Citing the work of a German scientist, Maria Weitze (1940), 
these workers suggest that the action of the "yellow* gene 
is hormonal, involving altered carbohydrate metabolism.
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In the last few years, several workers have reported 
on various effects of feeding fresh or desiccated thyroid 
to chickens. Until the last five years, dosage level and 
potency of the material have not been standardized; there­
fore, results have heen extremely variable, Furthermore, 
most of the published work has concerned adult stock, the 
effect on feather pigmentation and reproductive processes.
Crew and Huxley (1923) fed dried thyroid to IS chickens 
dally in a wet mash at the level of two grams per bird.
These workers found no difference in weight between the 
treated and non-treated lots* The chickens, Rhode Island 
Red x Light Sussex, were three months of age, however, 
when the treatment started. Crew (1925) pointed out that 
during the course of this work that a marked increase was 
observed in the rate of plumage growth and replacement.
Cole and Reid (1984) found that the feeding of desiccated 
thyroid stimulated the rate of growth of new feathers in 
adult males. Radi and Warren (1938) found that the in­
jection of thyroxin into the pectoral muscles of each Rhode 
Island Red chick at the age of three weeks resulted in 
better feathered birds at seven weeks of age. With respect 
to body weight, however, the controls and experimental 
groups were very similar.
Roger, Hurst, and Turner (1948) reported improvement 
of growth and appetite in mice receiving subcutaneous 
injections of crystalline thyroxin. Yirgin female mice,
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weighing 13-16 grams, were injected with thyroxin in doses 
varying from .015 to .04 milligrams daily, The thyroxin- 
injected animals repeatedly gained an average of 28 per­
cent more weight at five weeks of age than the controls.
The difference between the treated and controls was lees 
after five weeks. The food intaket alsof was about 25 
percent more in the treated over controls. The treated 
mice stored more nitrogen and gained more in body weight 
per unit of food intake than the controls. After the rapid 
gains of the treated animals subsided, the controls were 
more efficient in storing fat than the thyroxin-injected 
animals.
Although investigation on iodinated proteins date 
back more than fifty years, only In the last few years 
have the effects been consistent. Helneke and Turner 
(1941) reported that the iodinated proteins prepared in 
their laboratory consistently produced thyroidal effects 
when given orally to either normal or thyroidectomized 
animals. Beineke, Willimson, and Turner (1942) found 
that iodinated protein differed from thyroid or thyroxin 
in that no response was produced in tadpoles placed in a 
solution containing the material in the form of a sus­
pension. Metamorphosis was induced, however, if the 
iodinated casein was given orally or by injection, further 
investigations at the Missouri Agricultural Issperiment 
Station have revealed that guinea pigs, mice, and rats
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respond similarly when injected either with thyroxin or 
thyroprotein* These findings greatly facilitated the 
standardisation of the material, since the injected* 
thyroprotein animals could he compared directly with in* 
jeeted-thyroxin animals•
Parker (1943) fed iodinated casein in the diet at 
the level of 0,025 to 0*2 per cent to Rhode Island Red 
chicks until 12 weeks of age* Is found the difference in 
rate of gain to he of doubtful significance, although his 
data Indicated that at the proper level the iodinated 
casein-fed birds might effect a growth rate above the con­
trols* The difference® in rate of feathering were highly 
significant at the higher levels* Koger, Reineke, and 
Turner (1943) treated immature virgin female mice with 
thyroactlve iodbcasein by both oral Sad subcuthneoui ad­
ministration* The treated animals gained more in body 
weight and in total length than the controls* Irwin, 
Reineke, and Turner (1943) reported that thyroprotein, with 
a potency of 3*1 per cent that of thyroxin, mixed in a 
basal mash at the level of 36 grams per 100 pounds of mash 
produced slightly heavier White Plymouth Rock chickens at 
12 weeks of age than the controls* When fed at levels 
lower than 36 grams per 100 pounds of feed, the treated 
birds did not produce gains different from the controls.
As the level of iodinated casein increased beyond 113 grams 
per 100 pounds of feed, mortality Increased and growth was
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depressed, Those workers concluded that from the standpoint 
of both growth and feathering the preferred levels of io­
dinated casein per 100 pounds of feed were 113 and 36 grams, 
respectively# Later, however, Turner, Irwin, and Belneke 
(1944) fed thyroprotein to Barred Plymouth Hock cockerels 
at the level of 43 grams per 100 pounds of feed# The treated 
birds grew more slowly than did the controls, and it was 
concluded that the level (0#1 percent of the feed) was the 
upper limit of tolerance for this breed without depressing 
the rate of growth*
Wheeler, Hoffman, and Graham (1948) found that thyro­
prote In at the level of 10 grams per 100 pounds of feed result­
ed in a significant increase in body weight of Rhode Island 
Red males at IB weeks of age# The treatment resulted in a 
decrease in weight of the testes, adrenals, thyroid, pituitary, 
and comb weight of the males# Treated birds grew faster than 
the controls for the first six weeks# At IB weeks of age, the 
treated females were not significantly heavier than the con­
trols, although the treated males were significantly heavier 
than the controls# Furthermore, the weights of the treated 
males appeared - more uniform* Although the controls had more 
abdominal fat at IB weeks than the treated, the difference 
was not significant*
Recent work has Indicated that the diet 1® extremely 
Important in the role of action of the iodinated casein#
Hobble®, Hichol, Cravens, Rlvehjem, and Kalpin (1948) found 
that a thyrotoxic condition in the chick, induced by feeding
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desiccated thyroid or iodinated casein, was effectively 
counteracted by supplementing the diet with condensed fish 
solubles or a concentrated liver extract* Increased growth 
response was obtained upon the addition of either iodinated 
casein or desiccated thyroid to a ration containing a suf­
ficient amount of fish solubles* These findings may in part 
help to explain some of the varying results in use of thyroid- 
active materials at the different experiment stations*
Much speculation is in the literature of olden days re­
garding the function of the thyroid gland. According to 
Schneider (1939), who made a complete historical review of 
the literature, the older scholars thought that the function 
of the thyroid was to lubricate the larynx and pharynx* Schiff 
(1856), probably published the results of the first attempt 
to study the function of the thyroid by the surgical removal 
of the gland from dogs, A few of his operated animals lived 
for a period of time after the operation. Most of them soon 
died, however, with tetany. In all oases, growth stasis 
occurred. Work since the time of Schiff has definitely shown 
that the lethal effects of thyroidectomy observed by him were 
the result of the removal of the parathyroid glands with the 
thyroid,
Greenwood and Biyth (1929) removed the thyroids from 
Brown Leghorn chicks from 52 to 80 days after hatching. The 
birds were weighed every two woeks until 38 weeks old* The 
workers observed that the thyroidactomiied birds had lower 
weights than the controls.
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Landauer (1929) reported, in a morphological and his­
tological study of a dwarf Rhode Island Red pullet, a 
condition which he thought was analogous to human myxoedsma» 
He described the bird as having rugged plumage, dry skin 
and feathers, deformed beak and tongue, puffed eyes, re­
tardation in the bones of the body, and an enlarged thyroid* 
His report included five other specimens revealing the same 
type of dwarfism* He concluded that normal function of the 
thyroid was necessary in the development of the skeleton 
and plumage of the domestic fowl.
Schwarz (1930), in a study of hypofunctlon in Plymouth 
Hocks, observed that thyroidectomy in males and females 
resulted in a retardation of growth, a diminution in body 
weight, and distinct changes in the feather structure* From 
these observations, Schwarz concluded that feather pigmen­
tation and growth were dependent upon metabolic rate* He 
believed that the hyperfunction of the thyroid caused an 
increase in the growth of feathers; hypofunctlon caused 
retardation in feather development*
Salmon (193d) removed the thyroid gland from the rat 
on the first, seventh, and fourteenth day after birth* His 
results indicated that the earlier thyroidectomies had a 
more marked affect on growth rate than the later ones* 
Zalesky and Wells (1937), in a study of the effect of 
thyroidectomy on reproductive organs in males of annual- 
breeding ground squirrel, found the body weight and
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testicle weight much lighter in those animals with no 
detectable thyroid tissue, Payne (1944) found the bodyf 
comb, and gonad weights below normal in chicks thyroid* 
eetomized when young*
Blivaiss' (1947), in a very complete and detailed study 
of thyroid©otomy in the Brown leghorn, involving 98 com** 
pletely thyroideetomized and 154 incompletely thyroldec- 
tomized roosters, observed increased obesity and decreased 
feather growth rate in the thyroideetomized birds as com* 
pared with the controls* At six months of age, seven 
thyroideetomized birds had a body weight of 736*6 grams as 
compared with 1564*8 grams for a group of similar controls. 
Also, the head furnishings of the thyroideetomized roosters 
were considerably smaller than normal at all ages observed* 
Although the incomplete operatives never reached the weight 
of the controls, they had a higher body weight than the 
complete operatives. He found the growth curves of the nor­
mal and thyroideetomized roosters showed an Increasing 
divergence with increasing age* The percentage ratio of 
body weights of thyroideetomized to normal decreased from 
62*3 percent at on© month of age to 47,0 percent at six 
months* The ratio increased to 55*8 percent at 12 months 
of age. This ratio change resulted from the continued 
growth of the thyroideetomized males, whereas, the controls 
reached their maximum around six months of age.
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Since about 1940t several worker® have made intensive 
studies on the affect of various drugs on thyroid activity* 
The compounds which have been thoroughly studied are deri­
vatives of either aniline or thiourea. These drugs have been 
found to prevent the format ion of thyroxin by the thyroid 
gland. The thyroid gland become® enlarged as a result of 
the compensatory action of the thyrotropic hormone of the 
anterior pituitary* Mackenzie. Mackenzie, and McCollum 
(1941) observed thyroid hypertrophy in rats fed sulfaguanl- 
dine* hater Mackenzie and Mackenzie (1942) reported that 
the thyroid hyperplasia produced by feeding sulfaquinidine 
to rats could be prevented by the administration of thyroxin. 
Biehter and Clisby (1942) and Kennedy (1942) demonstrated 
that phenylthiourea and allyl thiourea produced hyperplasia, 
Mackenzie and Mackenzie (1943) reported that the feeding of 
sulfaguanidlne at the level of two or three percent for 
varying lengths of time to two-week and twelve-week old 
chickens resulted in no thyroid inhibition# Astwood (1943). 
in an extensive study of the relative effectiveness of 106 
chemical compounds in inhibiting the function of the thyroid 
gland in young rats, f ound 2-thlouracil to be the most 
effective of the thiourea derivatives. The drugs were ad­
ministered in the food or drinking water for a period of 
ten days, The degree of hyperplasia, gross and microscopic, 
provided an estimate of the activity of the drug. Mixner, 
Heineke, and Turner (1944) found that 0.1 percent thiouraoil
or thiourea in the dietfor 14 days In White -Plymouth %oaks 
resulted in optimal dosag® for the production of maximal 
enlargement of the thyroid* them the chicks wars fed 
thiouracil for It days* imucinum thyroid enlargement * ox* 
pressed as thyroid weight in milligrams par 100 grams of 
body weight* m m  obtained# 1%s females exhibited a greater 
thyroid response than did the males* Mins different breeds 
of chickens wars given 0*1 percent thiouracil in the drink* 
ing water. Thyroids of the lighter breeds gave a greater 
response than the thyroids of the heavier breeds.
Kenpster and Turner (1045) fed a ration containing 0*£ 
percent thiouracil for a 16-day period beginning at ten weeks 
of age* Growth rate was unaffected but market grade improved* 
When thiouracil m s  fed for a 36-day period * however* growth 
rate was depressed* Andrews and Sohnetxler (1946) fed 
thiouracil at various levels in a broiler ration to Barred 
Plymouth Socks between the sixth and fourteenth week of age# 
Growth m s  retarded* Glaxener and Jull (1946 b) found that 
the feeding of tMourmcil at the 0*1 percent and 0.2 percent 
levels in the mash from the second to the tenth week to 
Barred Plymouth Book x Hew Hampshire chicks resulted in 
depressed growth rate* retarded feathering* and reduced comb 
and testes size as compared with the controls# A sex differ* 
enos m s  also observed regarding the thyroid enlargement* Mis 
females having the greater response* These workers along with 
many others have observed that thiouracil had an effect on 
the fowl similar to thyroidectomy*
15
Dempsey end Astwood (1945) administered thiouracil and 
thyroxin simultaneously to groups of rats kept at different 
environmental temperatures* The amount of thyroxin needed 
to maintain normal thyroid weight at the different environ­
mental temperatures was considered as an estimate of the 
actual thyroxin output of normal animals for that temperature* 
Since the gland varied directly with the rate of secretion 
of the thyrotropic hormone and inversely with the concentra­
tion of the circulating thyroid hormone, an index of the 
degree of thyroid activity was provided by the size of the 
gland*
Applying the same method, Sohultze and Turner (1945) 
determined the rate of d, 1-thyroxin secretion by the 
thyroid of the White Leghorn and White Plymouth Hock cock­
erel, The thyroxin secretion rate was higher on a body 
weight basis for the White Leghorn than for the White 
Plymouth Hook, The thyroid secretion rat# of the White 
Leghorn was higher when the growth rate of the two breeds 
was approximately the same. However, when the growth rate 
of the White Leghorn was lower than that of the White 
Plymouth Hock, which occurred about the tenth or twelfth 
week, the thyroxin secretion of the two breeds on an age 
basis tended to become the same, Growth rate and thyroxin 
secretion followed paralled trends up until 12 or 13 weeks 
of age in the White Plymouth Rock male and up until 7 or 8 
weeks in the White Leghorn male.
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Eelneke and Turner (1945) reported that in the chicken 
the d9 1-thyroxin is about one-half as effective as the 1- 
form of thyroxin# Thyroxin produced hy the thyroid gland 
is In the 1-form and is twice as act It® as the df 1-form# 
Mtxaar and Upp (1947) compared the thyroid activity of 
hybrid ^double cross” chicks of Ehede Island lad and White 
Leghorn inbred stock with "single crossed*1 and lew Hampshire 
x Barred Plymouth lock oroas# The chicks ware atarted on 
thiouracil and dt 1-thyroxin injections at one day and con­
tinued until the chicks were 14 days of age# The results 
secured Indicated that the hybrid chicks had a higher level 
of thyroxin secretion than the single Inbred crosses or 
the lew Hampshire x Barred Plymouth lock cross#
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MATERIALS AMD PROCIBUM
A rapid-growing ant a slow-growing strain of both New 
Kamphires and Barred Plymouth Rooks m m  used in this study.
The strains were chosen on the basis of previous experi­
mentation and knowledge of their performance. On® strain 
each of New Hampshires and Barred Plymouth Hocks had been 
developed for broiler qualities* The other strain of each 
breed had been bred primarily for egg production qualities* 
% g s  were secured from the orginator of these strains. The 
lew Hampshire eggs were hatched in the fall of 1947 and the 
Barred Plymouth Hock eggs in the spring of 1948 at the 
University of Maryland, The rapid and slow-growing strains 
of lew Hampshire® were designated as strains A and B and 
the rapid and slow-growing strains of Barred Plymouth Hocks 
were designated as strains 0 and Df respectively. The 
procedure from hatching time until IB weeks of age was 
approximately the same for the two breeds.
At hatching time, the chicks were sexed. The males and 
females were banded and the number of secondary wing feathers 
counted on the right wing of the males. The males were divided 
at random into five lots. The controls were fed University 
of Maryland Broiler Mash; see Tabid I, The four other lots 
were fed University of Maryland Broiler Mash and thyroprotein, 
which is known as iodinated casein, thyrooasein, iodinated
1©
TABLE I# University of Maryland broiler mash*
Ground yellow c orn— — — — -— — — — 400 
Ground heavy o a t s - - — — — — — — ~300
Wheat middl ings  — — — *----~~~-»~300
Wheat bran-— ■— ------------— ------©50
Soybean oil meal-— — — -— — — — — — ©00
Corn glutton meal- — — — — — — 150
Alfalfa leaf meal -----------— 100
Fish meal--— — — — — — — -— — — — — 100
Meat scraps— — -----— — -— -— --- -100
Dried whey
or other milk produets— — — — — — — 50
Riboflavin concentrate— ------ — — — 5
Oyster shell or limestone—  — — — — 25
Bone meal or
de fluorine ted rock phosphate— — — — 10 
Iodised salt— — — — —
Fitamim A and 0 feeding oil- — — ----4
Mangane se sulfate— — — -— --------- —  -i
Protein % 21 percent BOOOf
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protein, or commercially as Protamon©* The levels of 
thyroprotein fed to the four lots were 5, 10, 15, and 20 
gram® per 100 pounds of feed* these levels were deter- 
mined on the basis of previous work and preliminary studies 
made at the University of Maryland* the controls consisted 
in each strain of from 40 to 50 chicks, and the thyro- 
protein-fed lot® consisted of 12 to 15 chicks each, depending 
on the size of the hatch# The hatchability was very good 
in all strains except strain 0* Sexlng was between 80-85 
percent accurate*
The five lots of male chicks were placed in electrically 
heated batteries* Conditions were made as comparable as 
possible for the two strains in relation to space and position 
in the battery. They were fed their respective diets ad 
libitum* Feed consumption was recorded separately for each 
lot and strain. Feed wastage was kept at a minimum by shields 
below the feeders. At six weeks of age the birds were trans­
ferred to growing batteries# All of the chickens were kept 
on experiment until 12 weeks of age* No record was kept of 
water consumption* Individual weekly weighings were made 
to the nearest gram on a Toledo Scale* Feid consumption was 
calculated at the time of weighing. All chicks were starved 
for a short time before weighing in an attempt to have as 
uniform conditions as possible*
In addition to counting the number of secondaries at 
hatching time, feather observations were made at ten days,
go
three weeks, eight weeks, and twelve weak® of age, fail 
feather observations at ten days were classified into two 
groups: (l) true tail feathers about one-half inch in length, 
and (g) no tail feathers* Feathering at three weeks was 
classified as (!) feathers, approximately one-half inch wide, 
covering the length of the hack, and (g) no hack feathers.
Body feathering at eight weeks of age was classified into three 
group®: (1) body fully feathered, (£) hack feathered, hare 
hips and sides, and (3) bare-hack® and bare-side®• At IS week® 
of age a record was made of all birds having bare-back®. For 
illustrations of different feather classification®, see Figures 
1, 2, 3, and 4,
At eight weeks of age the length and width of the comb® 
of all cockerels were measured.
The females of each strain were divided into five lots 
at three-week intervals* The lots for each strain were made 
as nearly equal as possible on the basis of body weight at 
the beginning of the three-week period* One lot served as 
controls and four lot® were fed ihiouraell at the level of 
0,1 percent in the feed. Simultaneously, with the feeding 
of thiouracil, thyroxin injections were made daily at four 
different levels* Thiouracil was fed to inhibit the normal 
secretion of thyroxin, Thyroxin was then added daily at 
four different levels for a three-week period in an attempt 
to determine the relative amount of thyroxin naturally 
secreted by each strain at a given age.
P i m i r e  1 # W in n *  . f e a t h e r i n g  I n  a  d a y - o l d  c h i c k .  
T h e  p r i m a r i e s  ( p ) ?  c o v e r t s  ( c )  a .n d  t h e  s e c o n d a r i e s  
( s )  a t  h a t c h i n g  t i m e ,  T h e  s t r a i n s  d i f f e r e d  i n  t h e  
n'i i rnh e  r  o f  s ° e  o n  d a  r  i  e  s «
Figure 2. Feathering at ten days* The chick on the 
left has no tail feathers; the chick on the right has 
tail feathers.
Figure 3. Feathering at four weeks. The chicken on 
the left has hack feathers covering an area about one- 
half an inch in width. The chicken on the right has 





Figure 4« Feathering at eight weeks, 
(a) cockerel corn'olebel.g feathered, (b) 
cnc^r*ei wthh bach f*eathered bnt bins 
bare, (o) cockerel, with both back and 
bias bare.
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Since thiouracil inhibits the formation of thyroxin, 
the excess stimulation of the thyroid by the anterior 
pituitary results in hypertrophy of the thyroid gland,
The injection of graded doses of thyroxin caused the weights 
of the thyroids of the thiouraci1-fed birds to be reduced, 
proportionally to the dosage of thyroxin. The amount of 
thyroxin necessary to prevent hypertrophy in thiouracil-fed 
birds was an estimate of the relative thyroxin secretion of 
the bird.
Crystalline thyroxin purchased from Squibb and Company 
was used in this ex per I.1 os at * The thyroxin m s  dissolved in 
alkaline solution such, that 0,1 ce of solution contained 
the daily dosage, All females wars killed at the end of the 
three-week period and the thyroid glands extracted and weighed 
to the nearest tenth of a milligram. Liver weights were also 
made on the lew Hampshires, but since the results were similar 
in all lots, this measurement was not made on the Barred 
Plymouth Rocks,
ABALYSIS Of DATA
Analysis of variance technique was used to determine 
if the differences in body weights among the four levels 
of thyroprotein-treated lots of males were significantly 
different at three, six, nine, or twelve weeks of age.
The f and T~ testswere used throughout to test for signif­
icances among treatments and strains.
Feed efficiency was calculated as a function of live 
weight* Spillman and Lang (1924) present the idee that 
the law of diminishing Increment expressed with a high de­
gree of accuracy the relationship between live weight and 
feed consumption in animals* lull and Titus (1928) modi­
fied the Spillman equation and secured a close agreement 
between observed and expected values in the growth of 
chickens. Hendricks (1931) rewrote the original Spillman 
formula into a simple linear regression, solved by the 
method of the least squares.
Hendricks, lull, and Titus (1932), Titus, lull, and 
Hendricks (1934), Hess, Byerly , and lull (1941), Giazener 
and lull (1946a), Hess and lull (1948), and McCartney and 
lull (1948), have found the principle applicable to feed 
efficiency studies in poultry. In using the principle of 
diminishing increment, efficiency was plotted as a function 
of live weight. The equation used in the investigation was 
£ = C -fcW.
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In the formula, I m gain for the period_____________ f
food consumed for the period
and W * Wi * Wg . in which Wi was the weight of the chickens
Z
at the beginning of the week and Wg was the weight at the end 
of the week* "Cw and wk* are constants whose values were 
determined by the use of the least squares method, *6* 
might be thought of as the theortieal maximum efficiency if 
no feed were used for maintenance and "k" as the maintenance 
requirement per unit of feed.
Bate of feathering was classified according to the 
description in the procedure and analysed on an index basis. 
When two classifications were used, the top class was scored 
100 and the bottom class 50, When three classifications 
were used, the top class was scored 100, the middle class 
67, and the bottom class 33, Comb products for the males 
were calculated from the length x height of comb at eight 
weeks of age, Jones and Lamorsux (1943) showed that the 
product of the length and height of the comb gave higher 
coefficients of correlation with comb weight than did the 
measurement of length, height, the sum of the length and 
height, or the square root of the product of the length and 
height.
At three week intervals, relative thyroxin secretion 
rates were computed for the females fed thiouracil on the 
basis of thyroid weight as a function of the dosage of 
thyroxin.
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RESULTS M D  DISCUSSION
The experimental results indicate rather conclusively 
that differences existed in the strains and in the response 
of the strain to treatment. In analyzing the data by the 
analysis of variance technique, differences in body weights 
of the four thyr©protein fed lots I 5, 10, 15, and 20 grams 
of thyroprotein per 100 pounds of feed) were not significant 
within any of the strains at three weeks. At six,nine, and 
twelve weeks of age, however, significant differences in 
body weights among treatments within a strain were observed 
in strains B and C* Although in strain A the average body 
weight appeared more depressed at the higher level of thyro­
protein feeding, no significant difference among the four 
levels of thyroprotein on the basis of body weight was 
found. In strain B, thyroprotein feeding appeared to 
stimulate growth somewhat, No significant difference was 
found among the various levels in this strain.
By further analysis, no significant difference in 
body weights was found among treatments within any of the 
strains fed thyroprotein at 5, 10, and 15 gram level at 
six, nine, and twelve weeks of age* In this investigation 
and in preliminary work at the University of Maryland, the 
20 gram level of thyroprotein in the ration used here seemed 
to have had a depressing effect* This observation probably
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explains the reason for the significant difference in body 
weights among the four levels of thyroprotein-fed birds * 
as this difference was removed when comparing the lots fed 
at the 5* 10, and 15 gram level*
Since no significant difference was found among the 
body weights of the lots fed thyroprotein at the lower 
levels within a strain* these three lots were combined and 
compared with the like controls at three* six* nine* and 
twelve weeks of age. As Table XI clearly shows* a strain 
difference is definitely present as early as the third week. 
The Hew Hampshire strains* strains A and B, differed sig­
nificantly in body weight from the third through the twelfth 
week* as also did the Barred Plymouth Hock strains* O and 0.
Thyroprotein feeding seemed to have a depressing in­
fluence on the growth rate of the rapid-growing Mew Hampshire 
strain A throughout the 18-week period. As the graph in 
figure 5 shows* the thyroprotein-fed birds appeared some­
what better than the controls during the sixth and seventh 
week of age. This difference, however, was not significant* 
and from the eighth week until the birds were taken off 
experiment at twelve weeks of age* the controls appeared 
better than the treated.
In the lew Hampshire strain B, and in the Barred 
Plymouth Hock strain C* the treated birds were slgnifioantly 
heavier than the controls from six weeks until the end of 
the experimental period. In strain D* the treated birds
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appeared somewhat heavier in body weight than the controls, 
although the differences were small and not significant,
The graphs, Figures 5, 6f 7, and 8, show the growth rates 
of the control and thyroprotein-fed birds for the four 
strains.
In viewing the results, the question naturally arises, 
why does strain A appear to be depressed with thyroprotein 
feeding? Why is the growth rate of strain D, not signif­
icantly increased? Probably strain A has more nearly reached 
its optimum physiological limit as far as thyroid activity 
is concerned than has strain B, Therefore, the feeding of 
thyroprotein caused an Increase in thyroid activity beyond 
its optimum level of efficiency, possibly resulting in higher 
f^ed requirement for maintenance. On the same basis, strain 
B does not seem to have reached its peak of performance from 
the standpoint of thyroid activity. The feeding of thyro­
protein, therefore, at the proper dosage level resulted in 
a significant increase in growth rate over that of the con­
trols, Strain B, however, was not stimulated to the rate 
of growth of strain A, The average weights of the control® 
of strain A were 487, 996, and 1463 grams at six, nine, and 
twelve weeks, respectively; however the average weights of 
thyroprotein-fed strain B were 439, 812, and 1221 grams at 
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Figure 8* Growth of control and thyroprotein-fed strain D cockerels to 12 weeks. w
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As Table II shows, both of the strains that were sig­
nificantly stimulated had very similar rates of growth for 
the first nine weeks, yet neither of them was stimulated 
by thyroprotein feeding to equal the controls of strain A* 
Strain 0 appeared somewhat better in response than strain 
B* At twelve weeks of age, strain C thyroprotein-fed males 
weighed an average of 117 grams more than strain 0 controls, 
and at the same age strain B thyroprotein-fed males weighed 
an average of 88 grams more than strain B controls, Thyro- 
protein feeding had no significant influence on the growth 
rate of strain B*
Palmer, Kennedy, Calverley, Lohn, and Weswlg (194$) 
found that anterior pituitary growth harmone promoted 
growth in their strains of rats, but the amount of stimu­
lation was limited within Inherent limits, ihey found that 
strains of rats with a lower order of efficiency were affected 
less definitely toward the attainment of a higher efficiency 
level than some of the more efficient strains* These workers 
also reported that periodic administration of desiccated 
thyroid reduced the efficiency and skeletal length of the 
male rate of the more efficient strains but did not sig­
nificantly affect these characteristics in the less 
efficient strain*
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TABLE II* Mean body weights and standard errors for controls 
and thyroprotein-fed cockerels according to strain 



















Body weights in grams
147.4 14.3 151.2 1 4.9 130.4*4.8 









12 Control 1462.7133.3 1133.2129.2 1247.0129.5 978.5131.4 
Treated 1392.5128.6 1221.0129.7 1354.5119.3 1033.6128.5
Humber per groups
Control (39) (36) (34) (29)
Treated (39) (34) (33) (32)
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Although thyroprotein feeding appeared to hare a de­
pressing effect on the growth rate of strain A* fewer of 
the treated birds as compared with the controls weighed 
below 1200 grams at twelve weeks of age* Likewise, none 
of the treated weighed much above 1700 grams, whereas some 
of the controls weighed over 1800 grams at twelve weeks of 
age; see Figure 9* As compared with the controls, fewer of 
the thyroprotein-fed birds in the lower classes weighed less 
than 1000 grams at twelve weeks* Furthermore, none of the 
controls weighed over 1400 grams* Some of the treated birds, 
however, weighed more than 1460 grams; see Figure 10*
Strain 0 gave excellent response to thyroprotein feed-
i
Ing* Hone of the thyroprotein-fed birds weighed less than 
1100 grams at twelve weeks Of age* On the other bind, several 
controls weighed as low as 900 grams at the same age* In 
the upper classes of body weight, some of the treated birds 
weighed higher than 1600 grams, fchereas the controls did not 
weigh much higher than 1300 grams. In strain 0, little 
difference was observed in the distribution of weights at 
twelve weeks of age; see Figures 11 and IS*
Iheeler, Hoffman, and Graham (1948) reported signifi­
cant! y less variability in the thyroprotein-fed Bhode 
Island Had cockerels than in the controls* Thyroprotein 
feeding seems to have particularly eliminated some of the 
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Figure 12. Histogram of body weights of strain D control and thyroprotein-fed 
males at 12 weeks.
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thyroid activity is the cause of seme of the runts in grow­
ing flocks of chickens, Even in the rapid-growing strain 
A, the number of birds with the lower body weights was 
less in the treated group than in the controls. On the 
other hand, fewer of the treated birds in 5train A were in 
the upper classes. Although thyroprotein feeding may 
stimulate growth and reduce variability, the response of 
a particular strain to treatment should be considered, ‘The 
genetic-physiological relationship cannot be overlooked.
The poorer strains seemed to have less central ten­
dency of distribution and less homogeneity than the better 
strains. This observation appeared to be particularly true 
in comparing strains C and B, Palmer, Kennedy, Calverley, 
Lohn, and Weswig (1946) reported that in their strains of 
rats there was somewhat more variation among the low- 
afficiency strains of sales than among the high-efficiency 
strain males when the energy requirement was determined 
both on the body weight and on the body surface basis.
Efficiency for the four strains with the respective 
levels of thyroprotein was calculated as a function of 
live weight; see Figures 13, 14, 15, and 16. This type 
of analysis appeared most satisfactory for analyzing 
efficiency of feed utilization. Comparing weight as a 
function of feed consumption is not satisfactory as it 
does not consider the element of time. Winters and McMahon 
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Figure '’3. Efficiency of feed utilization as a function of body weight for control 
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Figure 14. Efficiency of feed utilization as a function of body weight for control 
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Figure 15, Efficiency of feed utilization as a function of body weight for control 
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Figure 16. Efficiency of feed utilization as a function of body weight for control 
and thyroprotein-fed lots of strain D males.
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steers by dividing the gain by the total digestible nutrients 
was probably not a satisfactory method* These workers found 
that the calf which consumed little feed but continued to 
grow showed a satisfactory weight increase per unit of feed 
consumed. Although the equation used, 1* G - kW, does not 
consider the element of time, Hess and Jull (1948) found 
that efficiency values obtained at 500 grams of body weight 
were almost identical whether the chicken® were raised to 
a definite weight or a definite time. They also found that 
the agreement was still fairly satisfactory at 1000 grams 
body weight.
The two strains that were significantly stimulated, 
strains B and Cf seemed to respond well to the 5 gram level 
of thyroprotein feeding. At 500 grams of body weight, both 
of these strains were superior in feed utilisation to their 
respective controls. As Table III shows, efficiency at the 
500 gram freight dropped as the amount of thyroprotein was 
increased to the higher levels. Yet, it will be recalled 
that the average body weights of the birds fed thyroprotein 
at 5, 10, and 15 gram levels were approximately the same.
On the other hand, efficiency at this body weight is 
apparently somewhat superior at the lowest level of thy­
roprotein feeding. This amount is a lower level than has 
been previously recommended for growth. iheeler, Hoffman, 
and Graham (1948) reported that they found 10 grams of
47
fABL! III. Values of constants in the formula 8 * 0 *  kW.
Calculated values for 1 at 500 grams and 1000 
— grams according to strain and treatment.Level of ' ' f,'J Tl11111' rrfl    1 "■ "■1 1
thyroprotein 
gm./l00 It.
C K B when
WS$Q0
1 whenwsiooo
Strain A o .468 .000203 .367 .263
9 • 596 .000153 .320 .24310 .384 .000155 .307 .229
i p:■J-Xj .378 .000135 .311 .243so .364 .000152 .308 •232
Strain B 0 .431 .000261 . 301 .1705 .445 .000256 .317 .189
10 • 33S .000111 .277 .22110 .369 .000213 .263 .156SO .297 .000096 .249 • 201
Strain C 0 .464 .000244 .342 .220
§ .438 .000147 .385 .31110 .373 .000171 .288 .20215 .402 .000164 .320 .236SO .365 .000204 .263 .161
Strain 0 0 .389 .000259 .260 .1305 .372 .000257 .244 .11510 .274 .000076 .236 .19815 .428 .000235 • 311 .193SO .329 .000158 .250 .171
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thyroprotein per 100 pounds of food to bo approximately the 
optimum level. Other worker® have suggested higher lev#!®*
In looking at th® efficiency values for 1000 grams of 
body weight in ©train® B and C t it appears that at the end 
of the growing period, some of the lots' on the higher levels 
of thyroprotein may have developed a tolerance. Moore (1947) 
reported that in feeding thyroprotein to cows, the cows dropped 
in body weight for the first few weeks after feeding, then 
had a tendency to gain this loss back after a period of 
time if fed sufficiently*
Sincef however, efficiency is a negative function of 
live weight by formula J5 » C • kW and since Hess and Full 
(1948) reported that agreement of time and weight was not 
as close at 1000 gram® of body weight as at §00, feed 
utilisation was calculated at twelve weeks of age on the 
basis of gain per unit of feed; see Table IV, Feed effi* 
cloney in strain® B and C at IB week® of ago was better in 
th® controls than la the lots fed thyroprotein at the levels 
of 10, 15,.and 30 grams, Although better growth than that 
in the control® may be obtained by feeding these levels of 
thyroprotein, probably this increased growth is not eco­
nomical on the basis of feed consumption. With the diet 
used in this investigation, probably about § grams of 
thyroprotein per 100 pounds of feed is the optimum dosage,
For strains A and D, thyroprotein was apparently of little 
value. In fact, In strain A the treatment was a definite
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TABLS IV, Feed utilisation at IB weeks of age according to
Strain Control
Grams of thyroprotein per 100 lb. 
5 10 15 20





TABLE V, The jaean number of secondary wing feathers at 
_____  hatching time according; to strain.________
Mean number and standard error
Strain A 7,73 1.080
B 5,97 1 ,016
C 5.88 1.098
D 4*97 £ . Oil
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hindrance to growth* Although th® 15 gram level of thy­
roprotein feeding looked fairly good in strain D, the 
results were extremely errati© in all lots of this strain* 
Yander hoot, Reeoe, and Skelley (1948) reported that the 
daily feeding of either 0*075 or 0*15 gram of thyroprotein 
per 100 pounds of live weight had no influence on gains in 
body weight or the amount of feed consumed per 100 pounds 
of gain in pigs* On the other hand, the feeding of 0.SE5 
gram did not influence gains in weight, but this level 
did Increase the amount of feed consumed per 100 pounds 
of gain*
At the time of hatching, the number of secondary wing 
feathers in the right wing was recorded* Strain A differed 
significantly from strain B, and strain C differed sig­
nificantly from strain D; see Table ?* Darrow and Warren 
(1944) and Glazener and Jull (1946c) showed that the number 
of secondaries at hatching time was a good measure of early 
feathering*
The chicks placed on thyroprotein and the controls 
were observed for degree of feathering at ten days, four 
week®, eight weeks, and twelve weeks of age* Hone of the 
strains except strain A had tail feathers at ten day®.
Strain B feathered very slowly the first few weeks. Some 
of the birds were a month old before showing tail feathers 
one-haIf inch in length. At twelve weeks of age, all strains 
were fairly well feathered. Strain A was feathered most 
completely*
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As was previously explained, a feather score was used*
When three classifications were used, birds were scored 
100, 67, and 55; when two classifications were used, they 
were scored 100 and 50* See figures 1, 2, 5, and 4* table 
VI gives the average feather indices according to strain and 
treatment. Thyroprotein feeding appeared to stimulate feather* 
ing at four and eight weeks of age in all strains except 
strain A* The higher levels were most effective in stimulating 
feathering at these ages* At twelve weeks all lots within 
a strain had approximately the same degree of feathering*
At eight weeks, the comb areas were calculated in square 
centimeters for the cockerels of all strains* Jones and 
Lamoreux (1943) reported that length x height of comb gave 
a high correlation with comb weight* By analysis of variance, 
no significant difference was found in comb areas among the 
four levels of thyroprotein*fed lots within a strain* The 
different lots were combined and analysed for comb area 
approximately the same as for body weight*
The rapid-growing strain of each breed had a much larger 
comb than that of its respective slow-growing strain. Probably 
the birds of the rapid-growing strain had a higher gonadal 
activity. Jaap (1947) reported that the combined weight of 
the testes of day-old chicks varied from 2.G to EE*7 milli­
gram®. Barge teste® six® appeared to be an embryonic mani­
festation of ■early sexual development and was associated 
with rapidity of growth rate in the early post-embryonic 
period.
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TABUS VI. Mean feather indices at ten days* four weeks and 
eight weeks in cockerels according to strain and 
___________ faaitenlj_______ _ _________ _ ___________________
Lerel of
thyroprotein Ten days four weeks light weeks
.... . £§*1,9.9 .. ._.....
Strain A 0 98 96 82
5 9? 97 78
10 84 100 77
15 100 100 78
20 90 90 74
Strain B 0 «•«» e* we 52
5 mrn mm- m u m 62
10 mmmm .. 37
15 mm mm — 67
20 t m m 67





Strain B 0 «•»» 54 505 — 59 50
10 rnmm* 59 53
15 60 60
20 m m ~ 62 67
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The comb areas of th© treated lots of strains B and 
C were significantly larger than the comb areas of the 
controls of these strains; see Table VII. Wheeler, Hoffman, 
and Graham {1948} reported that thyroprotein-fed Shod©
Island E@d cockerels had a significantly smaller comb weight 
than did the controls. These workers, however, recorded 
comb weights at twelve weeks of age and raised their chickens 
under environmental conditions different from those in the 
present experiment*
To further study the relative thyroid activity of the 
various strains, the technique of feeding thiouraoil and 
simultaneously injeoting graded dosage of thyroxin was 
employed* Deapsey and Astwood (1943) reported that In rats 
the technique of feeding thlouraeil simultaneously with the 
injecting of thyroxin resulted in hyperthyroidism for the 
first few days. Th© rats not only had th© thyroxin that m s  
Injected, but also that from their own glands, as thiouraoil 
did not stop the natural secretion immediately. To overcome 
this weakness, in this experiment the first lot of Hew 
Hampshire pullets was red thiouraoil for three weeks before 
starting the injections of thyroxin. This procedure was 
not found satisfactory, however. Probably a few days of 
pre-treatment with thiouraoil would have been satisfactory, 
but three weeks was too long* Dempsey and Astwood (1943) 
reported that with an assay period as long as two weeks, 
this early error of hyperthyroidism had a tendency to correct
TABLE VII# m i l  comb areas for cockerels at eight iseeks 
aocording to strain and treatment.






















TABLE VIII. Relative daily thyroxin1 secretion rate for 





{ gamma } 
(per bird)
A (85)8 (85) 23.4 (18) 27.1
B (85) (85) 18.8 (11) 26.0
C (88) 18.9 (85) 26.6 (28) mim% m —>
D (81) 13.4 (25) 23.d (17) *»«»#»«»
^-Secretion rate calculated oa the basis of Crystalline 
d # l-formt which is only one-half as active as the 1-form
produced by th© gland.
^Refers to the number of birds per lot.
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itself* lets that had been allowed a period to exhaust 
their natural supply of thyroxin did not differ signif­
icantly from those simultaneously fed thiouraoil and 
injected with thyroxin for th® two-week period. Schultz® 
and Turner (1945) employed a similar method in determining 
the relative thyroxin secreting rate of White Leghorns and 
White Plymouth Hocks*
Five comparable lots of approximately five females 
each were selected from each strain at the beginning of an 
assay period. One lot served as th® control, and four 
other lots were fed thiouraoil and injected thyroxin at 
four levels. Assays were made over the following three-week 
periods; 3-6, 6-9, and 9-12 weeks* At the end of the assay 
period, the sixth, ninth, and twelfth week, the birds were 
killed and their thyroids extracted and weighed* The weight 
of the gland in milligrams per 100 grams of body weight was 
then plotted as a function of the level of thyroxin dosage* 
The amount of thyroxin necessary to maintain the gland at 
the size of that of the control was considered the relative 
amount of thyroxin naturally secreted by the females of 
that strain* The amount secreted was calculated by means 
of the least squares method. Th® 3-6 week period for the
two strains of Hew Hampshires was lost because of the long 
pre-treatment period with thiouraoil, and the 9-12 week
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period of Barred Plymouth. Hooka was lost because three 
dosage labels given were too high, the dosage levels 
had to be established for each three-week period by 
speculation and interpolation from the previous period.
table VIII shows the relative amount of thyroxin 
secreted by each strain for the three periods. Since the 
assays were at different times of the year and were used 
with different solutions of thyroxin, comparisons should 
only be made between strains of the same breed.
As table VIII shows, the rapid-growing strains had a 
relatively higher daily level of thyroxin secretion than 
did the slow-growing strains, this result seems logical! 
as Turner and ^chultse (1945) found that growth rate and 
thyroxin secretion rate followed parallel trends.
Since thyroxin secretion was calculated on th© basis 
of thyroid/body weight ratio to dosage of thyroxin, the 
question arises: Is the greater body weight of the rapid- 
growing strains the result of more active thyroids, or is 
the greater thyroxin production the result of th® greater 
body six® of the rapid-growing strains? Which is the cause 
and which Is the effect? To partially answer this question, 
the average body weight, of the slow-growing strain at nine 
weeks was figured as a percentage of body weight of th® 
rapid-growing strain. Strain B was found to weigh 88 per 
cent of strain A, and strain D was found to weigh 91 percent
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of strain C. If the strains were secreting entirely on 
the basis of body size, strain 0 should hare secreted SB 
percent as Much thyroxin as did strain A, and strain D 91 
percent as much thyroxin as strain C# If t&is were true, 
strain B should hare secreted 20.7 gamma of thyroxin per 
day, and strain D should hare secreted 24.1 gamma of thyroxin 
per day. these two strains, howerer, secreted less than 
this amount of thyroxin; see Table VIII. These results seem 
to Indicate a higher thyroxin secretion in the females of 
the rapid-growing strains. At twelre weeks of age the two 
New Hampshire strains were practically equal• The standard 
error of the coefficient of regression was determined in 
the least squares equation,Y s a - bX, and the differences 
in the coefficients were found not to be significant at 
this age.
Although the thyroid gland probably does not naturally 
release a single output of thyroxin as was done by the 
Injections, the method employed did give the relative amount 
of thyroxin required daily, allowing comparison between 
strains in a breed. This measurement may be an indication 
of th® activity of the anterior pituitary as well as of the 
thyroid gland.
m
m m m r
A rapid-growing and a slow-growing strain both of loir 
Hampshire* and Barred Plymouth Socks were used In this ax* 
porimont. Th© cockerels ware fad thyroprotein at tha levels 
of 0* 10, 10# and £0 gram® par 100 pounds ©f feed* Growth 
rates, feed efficiency, and rate of feathering were measured 
in all lots of each strain until the birds were twelve weeks 
of age# Comb measurements were made at eight weeks# Oats 
were analysed by statistical procedures*
the females of the rapid-growing and slow-growing strains 
were simultaneously fed thiouraoil and injected with various 
levels of thyroxin for three-week assay periods# the thio- 
nracil was fed to inhibit the normal thyroxin secretion# 'Thy­
roxin was then injected daily at four different levels to 
determine the relative amount naturally secreted by the gland# 
The females were killed at the end of the assay period and 
their thyroid glands extracted and weighed# Th© amount of 
thyroxin necessary to maintain the gland at its normal sis© 
was used as a mature of the relative dally secretion rate#
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